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1 Claims 

2 We claim: 

1 1. A method of analyzing a chemical analyte, said method 

2 comprising the steps of: 

3 generating a fluctuation output signal in response 

4 to a plurality of frequency fluctuations in an oscillatory 

5 output signal of a SAW device; 

6 transforming said" fluctuation output signal into a 

7 power spectral density (PSD) signal, representative of the power 

8 spectral density of said frequency fluctuations; 

9 generating a diffusion coefficient signal in 

10 response to said power spectral density signal, representative 

11 of a diffusion coefficient of said analyte; and 

12 generating an analyte output signal that identifies 

13 a characteristic of said analyte if said diffusion coefficient 

14 signal corresponds to a characteristic of a known analyte. 

1 2. The method as in claim 1, wherein said analyte output 

2 signal represents a characteristic of said analyte selected from 

3 the group consisting of: identification and concentration. 

1 3. The method as in claim 1, wherein said analyte output 

2 signal is representative of a number of molecules for each of a 

3 plurality of molecule types in said chemical analyte and is 

4 responsive to the' function S(f) = N,S(f,D,) + N2S(f,D2) + ..:N„S(f,DJ , where 
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5 S(f) is the total power spectral density, n is the number of 

6 molecule types, Nn is the number of molecules of molecule type n, 

7 Dn is the diffusion coefficient of said molecule type n, and 

8 S{f,Dn) is the power spectral density determined by each said 

9 -diffusion coefficient. 

1 4. The method as in claim 1, wherein said generating a 

2 diffusion coefficient signal step further includes the step of 

3 comparing said power spectral density signal to a calculated 

4 power spectral density S(0)) , represented substantially by the 

5 equation: S(£y) = N,^j •^-^[l-(cos0 + sin0)'e"®f , where N^^, is the total 

6 number of gas molecules, K is a constant characterizing a time 

7 average of a frequency shift due to a single molecule, L is a 

8 length of a gas-sensing region of said SAW device, co is the 

9 angular frequency, D is said diffusion coefficient, and 

10 0 = L.,C^. 

1 5. A chemical sensor system comprising: 

2 a chemical sensor that produces an oscillatory 

3 output signal when exposed to a chemical analyte; 

4 measurement means for measuring a plurality of 

5 frequency fluctuations of said oscillatory output signal; 

6 PSD means, coupled to said measurement means, for 

7 generating a power spectral density signal representative of the 
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8 power spectral density (PSD) of said plurality of frequency 

.9 fluctuations; 

10 'diffusion coefficient means, coupled to said PSD 

11 means, for generating a diffusion coefficient signal 

12 representative of the diffusion coefficient of said chemical 

13 analyte; and. 

14 decision means, coupled to said diffusion 

15 coefficient means, for generating an analyte output signal that 

16 identifies a characteristic of said chemical analyte if said 

17 diffusion coefficient signal corresponds to a characteristic of 

18 a known, analyte. 

1 6. The chemical sensor system as in claim 5, wherein said 

2 analyte output signal represents a characteristic of said 

3 analyte selected from the group consisting* of : identification 

4 and concentration. 

1 7. The chemical sensor system as in claim 5, wherein said 

2 chemical sensor is a Surface Acoustic Wave (SAW) device having a 

3 total length Itot- 

1 8. The chemical sensor system as in claim 7, wherein said 

2 SAW device comprises: 

3 a chemical sensing region; and 

4 first and second electrode pairs coupled to opposing 

5 ends of said chemical sensing region. 
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1 9. The chemical sensor system as in claim 5, wherein said 

2 chemical sensor further comprises a bandpass filter for 
.3 selecting a single oscillatory mode. 

1 10. The chemical sensor system as in claim 5, wherein said 

2 measurement means comprises a frequency fluctuation counter. 

1 .11. The chemical sensor system as in claim 5, wherein said 

2 PSD means comprises a fast Fourier transformation spectrum 

3 analyzer. 

1 12. The chemical sensor system as in claim 5/ wherein said 

2 decision means comprises a pattern recognizer for correlating 

3 patterns in said power spectral density to a characteristic of 

4 known chemi ca 1 s . 

1 13 . A computer program product for use with an chemical 

2 sensor system including a chemical sensor arranged to produce an 

3 oscillatory output signal when exposed to a chemical analyte, 

4 said computer program product comprising: 

5 a machine-readable recording medium; 

6 a first instruction means, recorded on said 

7 recording medium, for directing said chemical sensor system to 

8 generate a fluctuation output signal in response to a plurality 

9 of frequency fluctuations in said oscillatory output signal; 

10 a second instruction means, recorded on said 

11 recording medium, for directing said chemical sensor system to 
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12 generate a power spectral density signal representative of tKe. 

13' power spectral deinsity (PSD) of said plurality of frequency 

.14 fluctuations in response to said fluctuation output signal; 

15 * ' a third instruction means, recorded on said 

16 ' recording medium, for directing ;said chemical sensor system to 

17 generate a diffusion coefficient signal representative of the 

18 diffusion coefficient of said chemical analyte, responsive to 

19 said power spectral density signal; and 

20 a fourth instruction means, recorded, on said 



21 recording medium, for directing said chemical sensor system to 

22 generate an analyte output signal that identifies a 

23 characteristic of said chemical analyte if said diffusion 



24 coefficient signal corresponds to a characteristic of a known 

25 analyte. 

1 14. The computer program product" as in claim 13, wherein 

2 said analyte output signal is representative of a characteristic 

3 of said analyte selected from the group consisting of: 

4 identification and concentration. 

1 15. The computer program product as in claim 13, wherein 

2 said chemical senspr is a Surface Acoustic Wave (SAW) device. 

1 16. The computer program product as in claim 13, further 

2 comprising: 

3 a fifth instruction means, recorded on said . 
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4 recording medium, for . directing said chemical sensor system to 

5 V correlate patterns in said power spectral density to a 

6 characteristic of 'known chemicals. 

1 17. .A method of analyzing a chemical analyte, said method 

2 comprisihg the steps of: 

3 generating a surface acoustic wave across a surface 

4 . of a structure; 

5 transducing said surface acoustic wave into a. 

6 oscillatory output signal; 

7 generating a fluctuation output signal in response 

8 to a plurality frequency fluctuations in said oscillatory output 

9 signal ; 

10 transforming said fluctuation output signal into a 

11 power spectral density (PSD) signal, representative of the power 

12 spectral density of said frequency fluctuations; 

13 generating a diffusion coefficient signal in 

14 response to said power spectral density signal, representative 

15 of a diffusion coefficient of said analyte; and 

16 generating an analyte output signal that identifies 

17 a characteristic of said analyte if said diffusion coefficient 

18 signal corresponds to a characteristic of a known analyte. 
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1 18. The method as in claim 17, wherein said analyte output 

2 signal represents a characteristic of said analyte selected from 

3 the group consisting of: identification .and concentration. 

1 19. The method as in claim 17, wherein said analyte output 

2 signal is representative of a niaitiber of molecules for each of a 

3 plurality of molecule types in said chemical analyte and is 

4 responsive to the function S(f) = N,S(f,D,) + N2S(f,D2) + ...N„S(f,D„) , where 

5 S(f) is the total power spectral density, n is the number of 

6 molecule types, Nn is the number of molecules of molecule type n, 

7 D is the diffusion coefficient of said SAW device with respect 

8 to molecule type n, and S(f,Dn) is the power spectral density 

9 determined by each said diffusion coefficient. 

1 ■ 20. The method as in claim 17, wherein said generating a 

2 diffusion coefficient signal step further includes the step of 

3 comparing said power spectral density signal to a calculated 

4 power spectral density S(o)) , represented substantially by the 

5 equation: S(fi;) = N^^^ •^-^[l-(cos0 + sin0)-e"®f , where N^^^ is the total 

6 number of gas molecules, K is a constant characterizing a time 

7 average of a frequency shift due to a single molecule, L is a 

8 length of a gas-sensing region of said SAW device, O) is the 
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9 angular frequency, D is said diffusion coefficient, and 
V2D 



1/ 
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